We have obtained new spectroscopy and photometry of the K0 IV, chromospherically active, singlelined spectroscopic binary HD 10909. Those observations show that the previously reported orbital and light variability periods are incorrect. HD 10909 has an orbital period of 30.1067 days and an eccentricity of 0.499. Its rotation period of 64.1 days is more than twice as long as its orbital period. The primary is situated near the base of the Ðrst-ascent red giant branch. Thus, its asynchronous rotation is likely the result of its recent evolution through the Hertzsprung gap, combined with its relatively long orbital period and high eccentricity.
INTRODUCTION
HD 10909 \ UV Fornacis d \ [a \ 01h46m41s .6, [24¡00@50A (J2000.0), V \ 7.9 mag] was a star of little interest until Bidelman & MacConnell (1973) examined its spectrum on an objective-prism plate and classiÐed it as a K0 IV star with Ca II H and K emission. As a result, it was included in several surveys of chromospherically active stars. Fekel, Mo †ett, & Henry (1986) obtained spectroscopic observations at several di †erent wavelengths. They found that HD 10909 has moderate Ca II H and K emission, but its Ha line is a rather strong absorption feature. The lone component visible in their red wavelength spectra had a variable velocity, and they estimated a very modest projected rotational velocity of 6 km s~1. The v sin i values determined more recently by Fekel (1997) and de Medeiros & Mayor (1999) are even smaller, about 3 km s~1. Balona (1987) obtained numerous radial velocities from which he computed an orbit with a period of 15.05 days and an eccentricity of 0.39. Lloyd Evans & Koen (1987) obtained complementary photometric observations that showed the star to have light variations with a period of 32.54 days. Hooten & Hall (1990) analyzed additional seasons of photometry from which they found a best period of 31.54^0.02 days.
HD 10909 was also included in surveys made at radio and X-ray wavelengths. Slee et al. (1987) used the Parkes 64 m telescope to observe over 50 chromospherically active binaries at 5 and 8.4 GHz but did not detect emission from HD 10909. Morris & Mutel (1988) included HD 10909 in a VLA survey of late-type binaries at a frequency of 4.9 GHz. Although they detected emission from over half of the stars in their sample, only a radio Ñux density upper limit was ÈÈÈÈÈÈÈÈÈÈÈÈÈÈÈ 1 Visiting Astronomer, Kitt Peak National Observatory, National Optical Astronomy Observatories, operated by the Association of Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science Foundation.
found for HD 10909. At X-ray wavelengths, HD 10909 was successfully detected, but the estimated X-ray luminosity was relatively low when compared with many other chromospherically active stars (Dempsey et al. 1997) .
Finally, HD 10909 was included in a lithium abundance survey of chromospherically active stars. Randich, Gratton, & Pallavicini (1993) found that HD 10909, unlike a number of those stars, does not have a large lithium abundance.
Over the past decade we have obtained additional red wavelength spectra and photometric observations of HD 10909. Our analyses of these new observations show that both the orbital and rotation periods are quite di †erent from the previously determined values. With this new information we have reexamined the properties of HD 10909. After a hiatus of a dozen years we A . began to observe the star more intensively, collecting 22 additional spectrograms over the course of the next seven years. These latter observations were made with the Kitt Peak National Observatory (KPNO) feed telescope, coude spectrograph, and a TI CCD detector. All of the coude KPNO observations are centered in the red at 6430 A , cover a wavelength range of about 80
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and have a A , resolution of 0.21 A .
Velocities for the two McDonald Observatory observations were previously given by Fekel et al. (1986) . We determined the radial velocities of the KPNO observations with the IRAF cross-correlation program FXCOR (Fitzpatrick 1993 ) and used HR 8551 as the primary crosscorrelation reference star. The velocity of this IAU radial velocity standard (Pearce 1957 ), adopted from the work of Balona 1987 , FMH86 : Fekel et al. 1986 , KPNO : this paper. Scarfe, Batten, & Fletcher (1990) , is 54.3 km s~1. For a few velocity measurements, b Aql was used as the reference standard. A velocity of [40.2 km s~1 was adopted from our unpublished results. All our radial velocities are given in Table 1 .
PHOTOMETRIC OBSERVATIONS AND REDUCTIONS
We obtained our photometry of HD 10909 with the T3 0.4 m automatic photoelectric telescope (APT) at Fairborn Observatory in the Patagonia Mountains of southern Arizona. This APT uses a temperature-stabilized EMI 9924B bi-alkali photomultiplier tube to acquire data through Johnson B and V Ðlters. The APT is programmed to measure stars in the following sequence, termed a group observation : K, sky, C, V, C, V, C, V, C, sky, K, where K is a check star, C is the comparison star, and V is the For each group observation, three V [C and two K[C di †erential magnitudes in each photometric band were computed and averaged together to create group means. The group means were then corrected for di †erential extinction with nightly extinction coefficients, transformed to the Johnson system with yearly mean transformation coefficients, and treated as single observations thereafter. The external precision of the group means, based on standard deviations for pairs of constant stars, is typically D0.004 mag on good nights with this telescope. Group mean di †er-ential magnitudes with internal standard deviations greater than 0.01 mag were discarded. The individual di †erential magnitudes are given in Table 2 .2 Further details of telescope operations and data reduction procedures can be found in Henry (1995a) and Henry (1995b) .
SPECTROSCOPIC ORBIT
When we resumed observing HD 10909 in the 1990s, we ÈÈÈÈÈÈÈÈÈÈÈÈÈÈÈ 2 The photometric observations are also available on the Tennessee State University Automated Astronomy Group Web site, at http :// schwab.tsuniv.edu/t3/hd10909/hd10909.html. found that our velocities did not agree with the ephemeris from the orbit of Balona (1987) . Thus, we have reexamined the available velocities to determine the correct orbital period. We applied two di †erent period search techniques to the velocities of Balona (1987) , which were obtained at the South African Astronomical Observatory (SAAO). In all the following analyses, however, we have excluded the SAAO velocity of HJD 2,444,244.299, which may be a misprint or perhaps belongs to a di †erent star. First, a sine curve was Ðtted to the remaining 36 SAAO velocities and the sum of the residuals squared was computed for various trial periods between 1.0 and 100 days. The minimum of the summed squared residuals was at 15.06 days, in agreement with the period found by Balona (1987) , with a second but less deep minimum at about twice that value. A similar analysis of the SAAO velocities with the least-string method implemented by Deeming (Bopp et al. 1970 ) resulted in a best period of 30.125 days. Application of both period search techniques to the complete set of velocities, SAAO and McDonald/KPNO, conÐrmed the 30 day period. The combination of a high eccentricity and a lack of SAAO velocities over nearly half of the orbit contributed to the misidentiÐcation of the period. We analyzed our 24 velocities alone (Table 1) with the period-Ðnding program of Deeming (Bopp et al. 1970 ) and found a best period of 30.105 days. Adopting this period, we computed preliminary orbital elements with BISP, a computer program that uses a slightly modiÐed version of the Wilsing-Russell method (Wolfe, Horak, & Storer 1967) . We reÐned those elements with a di †erential corrections program, called SB1, of Barker, Evans, & Laing (1967) . With the period Ðxed at the value determined from that solution, we used SB1 to obtain orbital elements from the 36 SAAO velocities. A comparison of the variances of the two SB1 orbital solutions indicated that the SAAO velocities should be given weights of 0.01 relative to ours. The two center-of-mass velocities were not signiÐcantly di †erent, and so our velocities and those obtained at the SAAO were combined in an all-data solution. The orbital elements of that solution were nearly identical to those computed from our velocities alone, and the inclusion of the SAAO velocities did not signiÐcantly improve the uncertainties of the elements. Thus, Table 3 lists the orbital elements from the solution of the McDonald and KPNO velocities only. We have, however, included in Table 1 the 36 SAAO velocities along with our 24 velocities. Figure 1 compares both our velocities and those from the SAAO with the computed velocity curve. Zero phase is a time of periastron passage.
PHOTOMETRIC VARIABILITY
The 656 good V [C di †erential magnitudes in the Johnson V photometric band are plotted in Figure 2 . Our K[C di †erential magnitudes are constant from night to night to about 0.008 mag, a scatter somewhat larger than the typical 0.004 mag precision for this telescope. This is due to the starÏs declination of [24¡ and the resulting higher than average air mass of our observations. The yearly mean K[C di †erential magnitudes are constant to better than 0.002 mag. Therefore, the photometric variability in Figure  2 can be completely attributed to HD 10909 with no signiÐ-cant contributions from the comparison star. The photometric amplitude of HD 10909 is observed to vary from a bit less than 0.1 mag to over 0.2 mag in V . The seasonal mean magnitudes are also observed to vary by nearly 0.2 mag in V .
We performed separate periodogram analyses on the V and B observations within each observing season. For each season we also computed the mean magnitude in V and B and estimated the total light-curve amplitudes. The results are given in Table 4 . In the majority of cases, we found photometric periods clustering around 64 days, very close to twice the periods reported earlier by Lloyd Evans & Koen (1987) and Hooten & Hall (1990) . However, in seasons 5 and 8, we found the photometric periods to be in essential agreement with the earlier published values. Furthermore, in seasons 9 and 12, we found that both the longer and shorter periods were present simultaneously.
In a chromospherically active star, the day-to-day photometric variations are due primarily to the starÏs rotation, which modulates the visibility of an asymmetrical distribution of dark starspots, while the longer year-to-year variations are caused by slower variations in the total Ðlling factor of spots (e.g., Eaton, Henry, & Fekel, 1996) . At times, many chromospherically active stars display two separate concentrations of spots on nearly opposite hemispheres, causing two photometric maxima and minima per stellar rotation. Thus, the longer period derived from our photometric observations corresponds to the true stellar rotation period, while our shorter period and the periods reported previously in the literature correspond to half the stellar rotation. The weighted mean of our longer periods from Table 4 , excluding the longest periods from season 6 (which, given the small amplitude, we surmise are probably a †ected by relatively rapid changes in the spot distribution), is 64.1^0.2 days. The weighted mean of our short periods is 32.0^0.2 days, which within the errors is exactly one-half of the longer period value. Thus, we adopt 64.1^0.2 days as our best determination of the true rotation period of HD 10909.
Three selected seasons of the V photometry from Figure  2 are replotted with identical expanded scales on the abscissa in Figure 3 . The top panel illustrates an epoch when the 32 day period is dominant, indicating separate concentrations of spots on opposite hemispheres. The middle panel reveals the true stellar rotation period of 64 days, when only one concentration of spots dominates. The bottom panel shows the star in transition between these two spot conÐgu-rations. We note that the amplitude of the light curve is always relatively small whenever the star has well-separated spot concentrations on opposite hemispheres.
SPECTRAL TYPE
The spectral type of HD 10909 was determined by visual comparison with the spectra of late-G and early-K dwarf, subgiant, and giant stars from the lists of Keenan & McNeil (1989) and Fekel (1997) . The spectra of those reference stars were obtained at KPNO with the same telescope, spectrograph and detector as our spectra of HD 10909. Strassmeier & Fekel (1990) identiÐed several luminosity-sensitive and temperature-sensitive line ratios in the 6430È6465 region. A Those critical line ratios and the general appearance of the spectrum were employed as spectral-type criteria. Our red wavelength spectra of HD 10909 appear nearly identical to the spectrum of d Eri, which has a spectral type of K0 IV (Keenan & McNeil 1989) and [Fe/H] \ [0.07 (Hearnshaw 1976) . Thus, we concur with Bidelman & MacConnell (1973) and Houk & Smith-Moore (1988) that HD 10909 has a K0 IV spectral type. Its iron abundance may be slightly less than that of the Sun.
Discussion
The behaviour of HD 10909Ïs light curve, as exhibited in Figures 2 and 3 , can be understood, at least qualitatively, in terms of the random-spot model (RSM) of Eaton et al. (1996) . The RSM departs from previous geometric (e.g., Henry et al., 1995) or physical (e.g., et al., 1997) twoOla h spot models and, instead, uses large numbers (10È40) of moderately sized dark spots placed randomly on a di †eren-tially rotating star to reproduce the light curves of chromospherically active stars. The continual redistribution of spots due to stellar di †erential rotation accounts for much of the changing shape of the light curves. If the spots are also allowed to decay and reappear at random on the star, with typical lifetimes on the order of one year, then, in addition to further changes in the shape of the light curve, the RSM also predicts the kind of long-term light variations observed in most chromospherically active stars, without the necessity of invoking magnetic cycles to drive these variations. Eaton et al. (1996) display several light curves computed with the RSM that show uncanny resemblance to the light curves of individual stars, including HD 10909. Hence, this model e †ectively accounts for the shape and mean light level changes that we observe in the light curve of HD 10909. Because of the RSMÏs somewhat surprising prediction of slow, long-term variations in mean brightness, we do not attribute the long-term variations in HD 10909 seen in Figure 2 to a magnetic cycle operating in the star.
We searched the literature and examined our own data for the brightest known visual magnitude and corresponding B[V of HD 10909. From the APT data in Figure 2 , HD 10909 is brightest at the beginning of season 11, where its di †erential V magnitude is [1.48. To convert this to an apparent V magnitude, we adopted V \ 9.38 (ESA 1997) for our comparison star, HD 10701. This resulted in a maximum APT magnitude of V \ 7.90 for HD 10909, which is brighter than any other value found in the literature. OÏNeal, Saar, & Ne † (1996) showed that on some heavily spotted stars the observed maximum V magnitude underestimates the brightness of the unspotted star by 0.3È 0.4 mag. Nevertheless, we have adopted the APT maximum value as the unspotted V magnitude of the primary since for HD 10909 we are unable to determine a speciÐc correction. This magnitude, combined with the Hipparcos parallax (ESA 1997) , which corresponds to a distance of 130^19 pc, and the assumption of no interstellar reddening, resulted in mag. A B[V of 0.90 mag from our data M v \ 2.3^0.3 was used in conjunction with Table 3 of Flower (1996) to obtain a bolometric correction and e †ective temperature. These values were used to compute a luminosity L \ 12.1^0.1 and a radius R \ 4.6^0.2 The L _ R _ . errors in the computed quantities are dominated by the error in the parallax and to a lesser extent by the e †ective temperature, with the latter error estimated to be^100 K. If the unspotted V magnitude were 0.2 mag brighter than our adopted value, the luminosity would be increased by 20% and the radius by 10%. The various quantities are summarized in Table 5 . Comparison of our results with the solar abundance evolutionary tracks of Schaller et al. (1992) indicates that the K0 IV primary has a mass of 1.5^0.3 a typical value for evolved chromospherically active M _ , stars (Popper 1980) . Glebocki & Stawikowski (1997) compared the orbital and rotational inclinations for each of 41 chromospherically active binaries that have asynchronous rotation. For this group of systems they found that the rotational axes are randomly inclined to the orbital planes. Included in their sample was HD 10909, for which they computed an orbital inclination of 22¡ and a rotational inclination of 43¡. They estimated uncertainties of less than 16¡ for each inclination. The two inclination values resulted in an inclination di †er-ence, *i, of 21¡.
Using our newly determined orbital and photometric results, we have redetermined the two inclinations. Fekel (1997) found v sin i \ 3.0^1 km s~1, which was conÐrmed by de Medeiros & Mayor (1999) , who determined a value of 2.7 km s~1. From our new rotation period and a mean projected rotational velocity of 2.8 km s~1, we computed R sin i \ 3.5^0.9 With the radius determined above R _ . from the Hipparcos parallax, this leads to a rotational inclination of 50¡. Stawikowski & Glebocki (1994) noted that for singlelined spectroscopic binaries, an accurate determination of the orbital inclination is not usually possible. They concluded, however, that if the mass function value is less than 0.005 the mass function is not very sensitive to the M _ , adopted primary mass and mass ratio. For such cases they stated that the orbital inclination is relatively well determined with an uncertainty of about 10¡.
With our mass function of 0.004 and an assumed M _ primary mass of 1.5
we computed the range in orbital M _ , inclination for a variety of secondary masses. The secondary is presumably a white dwarf or late-type main-sequence star. However, if the secondary is a white dwarf, we would expect the orbit to be nearly circular like those of most barium stars (Boffin, Cerf, & Paulus 1993) . Assuming the secondary is a main-sequence star, its absorption lines should have been detected in our red wavelength spectra if its mass is greater than about 1.1 Secondary masses of M _ . 0.23 and 1.1 resulted in orbital inclinations of 84¡ and M _ 16¡, respectively. Thus, despite the very small mass function, the orbital inclination of HD 10909 is very poorly constrained at 50¡^34¡, and we cannot determine with any accuracy whether the values of the rotational and orbital inclinations are the same. We note that for an orbital inclination of 50¡, the value of our mass function, combined with the adopted primary mass, results in a secondary mass of 0.3 M _ . The two main theories of orbital circularization and rotational synchronization (e.g., Zahn, 1977 ; Tassoul & Tassoul, 1992) disagree signiÐcantly on absolute timescales, but they do agree that synchronization should occur Ðrst. Fekel & Eitter (1989) used the data from the Ðrst edition of A Catalog of Chromospherically Active Binary Stars to determine that only about 10% of the systems with periods less than or equal to 30 days are asynchronously rotating. HD 10909 was identiÐed as one of the systems for which the rotation period of the primary is not approximately equal to the orbital period. Our new analysis indicates that both periods are a factor of 2 larger than previously determined, although for di †erent reasons. Thus, HD 10909 remains an asynchronously rotating system similar to some other chromospherically active binaries such as j And (e.g., Strassmeier et al., 1993) . Hut (1981) has shown that in an eccentric orbit a starÏs rotational angular velocity will tend to synchronize with that of the orbital motion at periastron, a condition called pseudosynchronous rotation. With equation (42) of Hut (1981) we calculated a predicted pseudosynchronous period of 10.7 days, a factor of 6 less than the actual rotation period. Its e †ective temperature and luminosity place HD 10909 near the base of the Ðrst-ascent red giant branch. Thus, it appears that its rapidly expanding radius, resulting from its recent evolution through the Hertzsprung gap and current red giant ascent, combined with its relatively long 1 month period and high eccentricity, has produced the current asynchronous rotation situation.
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